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SECTION I. 
CROSS BEMI WEATIIER WATCH STUDY 
V .  A .  Sandborn 
A pass ive ,  o p t i c a l ,  c r o s s  beam system was evaluated a s  a remote 
sensor  of atmospheric cond i t ions .  The system employed t h e  l i g h t  
s c a t t e r e d  from n a t u r a l  ae roso l s  t o  sense  atniospheric mean and t u r b u l e n t  
motion, A space-time c o r r e l z t i o n  of t h e  ontput  of two o p t i c a l  sensors  
was used t o  eva lua te  t h e  mean convective wind speed. I11 approximately 
20% of t h e  t e s t s  s ignal- to-noise  l e v e l s  were s u f f i c i e n t  t o  allow e s t i -  
mation o f  convective wind speeds.  The f e a s i b i l i t y  of employing 
i n t e r s e c t i n g  beams t o  e v a l u a t e  t h e  atmospheric t u r b u l e n t  motion was 
a l s o  inves t iga ted .  The i n t e r s e c t i n g  beans produced maximums i n  t h e  
space-time co. r re la t ion curves f o r  o t h e r  than zero t ime delay. Tht: 
non-zero time delay maximums i n d i c a t e  t h e  c ross  beam system was d e t e c t i n g  
"aerosol layers'! i n  t h e  atrnospherc, r a t h e r  than information from t h e  
common i n t e r s e c t i n g  volume. 
1.2 INTROUUCT IOK 
An o p t i c a l  c ross  beam c o r r e l a t i o n  ruethod, r e f ,  1, has  been proposed 
as a remote measuring system f o r  atmosplicric s t u d i e s .  Atmosplreric 
measurements a r e  l imi ted  due t o  t h e  d i f f i c u l t y  of p lac ing  measuring 
instruments a t  t h e  J e s i r e d  l o c a t i o ~ l .  Although meteorological  towers 
and bal loon f l i g h t s  a r e  ab le  t o  ob ta in  wind d a t a ,  they a r e  g r e a t l y  
l imi ted  i n  t h e i r  l o c a t i o n ,  Thus, a r e a l  need e x i s t s  f o r  remote-sensing 
instrumentat  ion i n  atmospheric measurements. 
Several methods have been proposed t o  remotely sense atmospheric 
conditions, ref .  2. These methods include several types of microwave 
uni ts ,  acoustic sounders, infrared sensors, opt ica l  sensors and 
related laser  techniques. A l l  of these t e h i q u b s  have proven of 
value i n  atmospheric probing. 
The present report covers the  evaluation of a simple v i s ib le  
opt ica l  technique a s  a possible remote measuring system. A f e a s i b i l i t y  
study of f i e l d  t e s t s  of the  instrumentation a t  mdteorological sites i d  
Colorado is reported, 
1.3 THEORETICAL CONSIDERATIONS 
The optical  cross beam correlat ion employs the  sca t ter ing  of l i g h t  
as a means of remotely sensing the  motion i n  the  atmosphere. A space- 
time correlation technique is employed t o  evaluate the  l igh t  sca t ter ing  
signals.  The instrument has been evaluated as a means of sensing wind 
speeds a s  a function of height. Also, possible measures of the  local  
turbulent f luctuat ions have been considered. The present f e a s i b i l i t y  
study was limited exclusively t o  a passive system wherein only available 
so lar  radiation was employed. 
The cross beam system senses the  f luctuat ion of l igh t  along a path 
defined by a narrow view telescope. The f luctuat ion in  l igh t  is  re la t ed  
mainly t o  l ight  sca t ter ing  due t o  aerosol pa r t i c l e s .  The or ig inal  
assumption, upon which possible remote sensing of atmospheric winds 
could bc made, was t h a t  the aerosol pa r t i c l e s  are  carr ied along a t  the  
speed of the mean wind. The cross beam technique employs a measure of 
the space-time correlat ion between two opt ica l  l i g h t  beams t o  evaluate 
the  transient  time of the aerosols. By measuring the  time required f o r  
the t r ace r  aerosols t o  t ravel  a given path distance, the  mean wind 
convective speed can be determined. Fisher and Krause, r e f .  1, have 
demonstrated tha t  it was possible t o  make such measurements i n  the  
laboratory. 
a) Evaluation of wind veloci t ies  from correlat ion measurements-. - 
The opt ica l  system employed two narrow view telescopes t o  sense the  
l i g h t  scattering. These two telescopes view di f ferent  opt ica l  paths, 
Figure 1 shows the general arrangement of the  cross beam detection 
system. I t  is assumed tha t  the aerosols are  carr ied a l ~  ng by the  mean 
wind, . Thus, fo r  the path denoted by 6 on Agure 1, the  same aercsols  
. w i l l  pass through the  two l igh t  beams. For the  present experiments 
the beams were always s e t  i n  a direct ion normal t o  the moan wind. 
The majority of the t e s t s  were coriducted such tha t  the common 
streanline 5 f o r  the two beams occurred a t  the top of the  meteorologi- 
ca l  tower. For a uniform wind the  only streamline tha t  is  common t o  
both beams i s  the one denoted as 4 i n  Figure 1. 
The connnon signal f m  the two teiescopes is obtained by measuring 
the  time-delayed correlat ion between the two signals .  The output from 
the  upstream telescope is  delayed i n  time ard then correlated with the 
output from the downstream telescope. Ideally, f o r  a time delay jusr 
equal t o  the  t rans ient  time for  the  aerosol pa r t i c l e  t o  t ravel  from 
the upstream t o  the downstream beam, a maximum i n  the  correlat ion curve 
would be obtained. The paper by Sandborn and Pickelner, r e f .  3, demon- 
s t ra ted  t h a t  some degree of success was obtained i n  the or ig inal  t e s t s  
of the opt ica l  system, 
Figure 2 shows a space-time, cross correlat ion curve for  a case 
where the signal-to-noise level was large. The correlat ion curves, 
computed both by analog and d i g i t a l  techniques, a r e  compared with the  
f i r s t  order probabi l i ty  densi ty  curve of the  ve loc i ty  measured by a 
cup anemometer. The second peak of t he  space-time cor ro la t ion  curve 
agrees with the  peak of  t h e  cup anemometer curve. 
b) Convective ve loc i ty  indicated by space-time cor re la t ions . -  
The time delay measured between the  two l i g h t  s igna l s  f o r  maximum 
corre la t ion  must be r e l a t ed  t o  the  ve loc i ty  a t  which i d e n t i f i a b l e  
I I 
d isturbances a r e  convected between the  two Seams. In a turbulent  flow, 
such as  t h a t  near the  surface i n  the  atmospheric boundary layer ,  
disturbances do not t r a v e l  i n  s t r a i g h t  path l ines .  Any group of 
aerosol p a r t i c l e s  would be expected t o  t r a v e l  i n  some s o r t  o f  a random 
walk path l i ne .  Attempts t o  evaluate  t he  random walk of p a r t i c l e s  i n  
flows a re  reported by Patterson and Corrsin,  r e f .  4. 
A recent experimental study by C l i f f ,  r e f .  5, i n  a large sca l e  
turbulent boundary layer  has produced a new ins ight  i n t o  the r e l a t ion  
between t h e  mean and convective ve loc i t i e s .  I t  was found t h a t  f o r  t he  
outer  region of t he  boundary layer ,  which i s  equivalent t o  t he  locat ion 
of the cross  beam measurements, t he  turbulent  convective v e l o c i t i e s  
a r e  within 10% of the  mean v3locity.  The r e l a t i o n  between t h e  convective 
veloci ty  and the mean ve loc i ty  was found t o  be a function of  t he  s i z e  of 
the  turbulence and a l s o  the  time t h a t  t he  turbulent  "eddyu was i n  the  
pa r t i cu l a r  mean ve loc i ty  f i e l d .  Convective ve loc i t i e s  can be g rea t ly  
d i f f e r en t  from the  mean ve loc i ty  i n  flows with large shear gradients .  
Also, i f  the source of t he  turbulence, such a s  bui ldings o r  t r e e s ,  is 
nearby, the convective ve loc i ty  i s  l i k e l y  t o  be d i f f e r en t  from the  
mean veloci ty .  
c) - t sca t t e r ing  fro~n .- rierosols employed as  atmospheric 
t r ace r s . -  The present f i e l d  expariments with the  cross  beam system 
- 
employed opt ica l  wave lengths between approximately 0.45 and 0.65 
microns. Light sca t te r ing  as a  function of a l t . i tude f o r  t h i s  band of 
wave lengths was given by Sandborn and Pickelner,  r e f .  3 .  Detai ls  of 
sca t te red  sunlight measurements a rc  a l so  discussed by Montgomery, 
r e f .  2 .  In general i t  i s  assumed tha t  aerosol p a r t i c l e s  a r e  the main 
source of sca t te r ing .  The f i e l d  experiments demonstrated t h a t  l i g h t  
f luctuat ions were always prescnt during the  dayl ight  hours.  However, 
su f f i c i en t  signal- to-noise lcvcl t o  produce measurable cor re la t ions  
between the  t^3 beams was not always present .  Even the  spec ia l  case 
of the two beams looking d i r ec t ly  a t  each other  did not produce a  
measurable cor re la t ion .  I t  was i o n c l ~ d f ? d  t h a t  the l i g h t  s ca t t e r ing  
qua l i ty  of the aerosol-soizr  radiat ion did not remain constant from 
day t o  day. 
I t  was assumed t h a t  any l i g h t  f luc tua t ion  observed i n  the  beam on 
a  c l ea r  day was due t o  s ca t t e r ing  rrom aerosol pa r t i c l e s .  Thus, a  
pos i t ive  o r  negative s ignal  appearing a t  the output of the  beam sensor 
indicates  that  a  p a r t i c l e  has s c , ~ ~ c r e d  l i g h t  i n  o r  out of the  heam. 
This requires t h a t  pos i t ive  and negative s igna ls  can mean the  same 
thing; tha t  a p a r t i c l e  has passed through the  beam. In order t h a t  a  
correlat ion technique can be employed t o  el iminate  background noise,  
the posi t ive and negative pa r t s  of the s ignal  must have d i f f e r en t  
meaning. Apparently , cnly on spcci f i c  days were the aerosol d i s t r i bu -  
t ions  able  t o  produce the necessary consis tent  s igna ls .  
Figure 3 ,  taken from reference 6 and attached as  Appendix A, 
demonstrates the problem encountered i n  the cor re la t ion  s tudies .  
Figure 3 a) shows the output signal from one of the  two opt ica l  beams. 
This run, H-11 ,  was f o r  the  optical  uni ts  looking d i rec t ly  a t  each 
other over a distance of 160 feec (48.8 meters) , Figure 3 b) shows the  
correlation between the  two beams a t  zero time delay. The correlat ion 
time t race ,  while not equally l ike ly  i n  posi t ive and negative  COY:<^,%- 
t ion,  is closer  t o  symmetry than desired. The actual  probabil i ty 
density f o r  t h i s  cross correlat ion time t r ace  is  shown i n  f igure 2 .  
The skewness (7) i s  proportional t o  the  time mean amount of correlat ion 
tha t  would be measured for  t h i s  t e s t .  The bottom two t races  are  f o r  a 
corresponding run made with infra-red cross b e m  un i t s  taken a t  the  same 
time as run H-11. For the infra-red u n i t s  a posi t ive f luctuat ion 
indicates an increase i n  local  temperature, and a negative f luctuat ion 
indicates a decrease i n  local  temperature. Thus, f o r  the  infra-red 
un i t s  posi t ive and negative signals  have well defined d i f ferent  meanings. 
The cross correlat ion f o r  the  infra-red un i t s  is shown i n  f igure  3 d). 
In the infra-red case the probabil i ty d is t r ibut ion  shows a very 
de f in i t e  skewness a s  might be expected. 
1.4 OPTICAL CROSS BEAM ' TECHNIQUE 
The opt ica l  cross beam systems were supplied t:, the  Colorado Sta te  
University Meteorological f i e l d  s i t e  by NASA, Marshali Space Flight  
Center. Details of the  detection system were reported by Montgomery, 
ref .  2, and Sandborn and Pickelner, r e f .  3. Briefly, the  un i t s  consisted 
of telescope optics  looking along a narrow f i e l d  of view of approximately 
un angle of 30 minutes spread. The l igh t  sensors are  s i l i con  diodes. 
The incoming l igh t  was chopped t o  eliminate dc d r i f t  arid l / f  noise of 
the photodiode. The output s ignals  were recorded on FM tape recorders 
and analyzed e i the r  analog o r  d ig i t a l ly .  The analog caaputer analysis  
was done a t  CSU, and the d i g i t a l  analysis  was done a t  the Marshall Space 
Flight Center. Appendix B gives 3 deta i led  out l ine  of the  analog 
computer setup used in  tl.,e prcsent study. 
rhe prcsent sect ion covers the  spec i f i c  f i e l d  t e s t  setups of  the 
op t i ca l  croasbeam u n i t s  and the analog computer analysis  of the  outputs .  
Field Tests .  - Three spec i f i c  f i e l d  t e s t  s i t e s  were employed a) --
during the  course of the present study. The i n i t i a l  s tud ies  of wind 
measurements, reported by Sandborn and Pickelner,  r e f .  3, were made a t  
Colorado S ta t e  University f i e l d  s i t e  near P l a t t e v i l l e ,  Colorado. 
Figure 5 shows the local  t e r r a i n  of t h i s  f i e l d  s i t e .  The second s e t  
of t e s t s  were conducted a t  the  Gun Barrel tiill t e s t  s i t e  of the  
Environmental Sciences Services Admini~lrat ion (ESSA) near Boulder, 
Colorado. Tests  a t  the Gun Enrrei l t i l l  s i t e  were mainly concerned with 
the cvaluatiorc of a tmosphe~ic turbulence with the  opt ica l  cross  beam 
system. The t h i r d  s i t e  bas the ESSA. f i e l d  s i t e  near Haswell, Color- 
Figure 6 shows the general area of the meteorological tower a t  t h  e l l ,  
Colorado,field s i t e .  
'I'he r e s u l t s  of the wind measurelnents made a t  the P l a t t e v i l l e ,  
Colorado, f i e l d  s i t e  have bec~i relio~.tcd in  d e t a i l  i n  references 3 and 
7. Roughly 1 /3  of the t e s t s  a t  P l a t t e v i l l c  gave a measurable peak in  
the space-time cor re la t ion  curves. 1.n e r r o r  of - + 20% was i,.iiicated i n  
the agreement between wind ve loc i t i e s  measured with cup anemometers 
and thc  cross  beam system. Detai ls  nf spec ia l  t e s t s  conducted a t  
the P l a t t e v i l l e ,  Colorado, f i e l d  s i t e  were a l so  reported by Sandborn 
in  reference 2. 
Detai ls  of the  Gun Rarrcl i i i l l  t e s t  s i t e  measurements were reported 
in  references 8 and 9 (attached as Appendix C ) .  Llost of the  runs made a t  
Gun Barrel were fo r  intersect ing l ight  bems.  The measurements did not 
produce m a x i m u m  peaks i n  the space-time correlat ions curves a t  zero time 
delay. The or ig inal  in tent  of these t e s t s  was t o  evaluare the  cross 
be- system f o r  measurement of atmospheric turbulencs. As par t  of the  
i n i t i a l  study, a detai led rat  of hot wire turbulence mearuramcatr war  
W e  i n  the  atmosphere. The hot wire 3urbulence measurements were 
evaluated and reported by Stankov, . o f .  10, 6s part  of the overal l  
research program. I t  was apparent tha t  the  measured correlat ions were 
affected by information outside the intersect ion volume of the  two 
beams, so  no meaningful turbulence information was obtained. 
Although the  evaluation of the cross beam system as a turbulence 
sensor did not prove feasible,  the information indicates tha t  the 
system was responding t o  a specif ic  layer of aerosols,  ra ther  than 
t o  l ight  sca t ter ing  from the common volume form by the beam intersec-  
t ion ,  The resu l t s  suggest tha t  the  optical  cross beam system may be 
of value in both defining and studying aerosol layers i n  the  atmosphere. 
A t  the  end of the  Gun Barrel f i e l d  t e s t s ,  the electronics of the  
optj  ca l  un i t s  werc returned t o  I l'f Research Laboratories t o  rebuild 
i + i k d  upgrade. Reference 9 (attached as Appendix C) i s  a report of the 
chcckout of the  rebui l t  uni t s .  
In Septernbcr of 1969 the  opt ica l  cross beam system was moved t o  
the  ESSA-Haswell, Colorado,field s i t e .  A large number of t e s t  runs 
were made over a short period of time a t  t h i s  f i e l d  s i t e .  Reference 11 
(attached as  Appendix D) gives a detai led outl ine of the  opt ica l  cross 
beam t e s t s .  The opt ica l  system was compared with an infra-red cross beam 
system during the ~~~~~~e of these experiments. Analog evaluation of 
the  llaswell t e s t  runs made a t  CSU i e  reported i n  reference 9 (attached 
as Appendix A) and 12 (attached a s  Appendix E) . The r e s u l t s  of t he  
Haswell measurements fu r the r  confirm the  f a c t  t h a t  the  op t i ca l  system 
responds mainly t o  layers  of aerosols .  Further d e t a i l s  o f  these  t e s t s  
w i l l  be discussed i n  t h e  following sec t ions  of t h i s  report .  
b) Analog m a l y s i s  of cross beam data .  - A l l  o f  t he  c ross  beam 
runs made by CFU have been evaluated by analcg techniques. Appendix B 
is  a de ta i led  out l i n e  of the  analog computer serup. The bas ic  instrument 
employed i n  the  analysis  is  the  Princeton time cor re la tor .  This  s ing le  
instrument is able t o  compute the complete time delay-d,  cross  cor re la t ion  
between the two op t i ca l  s igna ls  in  a matter of a few minutes. 
In a l l  cases t he  output s ignal  from the two op t i ca l  un i t s  was 
recorded on magnetic tape a t  a speed of 1 7/8 inches per  second. For 
analysis  the magnetic tape i s  replayed a t  a speed of u:, t o  60 in-hes 
per second. The increased tape speed has the e f f e c t  of compressing 
the  actual  time over which the run was made by a f ac to r  of 32 times. 
Thus, f o r  one hour of ac tua l  da ta  recorded the  play back time is l e s s  
than two minutes. This compression of time makes it possible  t o  compute 
time averages over an hour of actual  run time without modification of 
the analog computer averaging times. The higher speed play back a l so  
increases the frequency ranqe of the s igna ls  t o  those b e t t e r  su i t ed  f o r  
analog analysis.  
Althciugh the time delay, cross cor re la t ions  were the major i n t e r e s t  
of the current research program, other  evaluations were a l s o  made. 
During the course of the  study it became increasingly evident t h a t  the  
long time var ia t ions  i n  the atmospheric flow pose a major problem i n  
the  analysis .  The d i g i t a l  analysis  made a t  the  Marshall Space F l ight  
Center attempted t o  develop c r i t e r ion  t o  specify when "time varying 
man flow" was a pmbler. The aost sensitive criterion related to 
cross correlation evaluations proved to be the r.m.s. amplitude varia- 
tion with tim. The variation of the mean square rather than the r.m.s. 
w u  corrplted using a true r.m.5. voltmeter. The voltmeter had a special 
outpat dirsctly proportional to the mean square of the input signal. 
Figure 7 shars a typical output trace of the mean square of optical 
unit no. 2 fat Haswell run No. 20. A similar result ,although in Less 
detail, was obtained f r w  the digital analysis, fig. 8. The m a x i m  
value of the cross correlation for the complete time period ot run n-20 
(3200 seconds) was approximately 0.1. For the shorter periods where 
the overage mean square is reasonably steady (b to 1008 seconds) the 
peak correlation was found to be 0.4. 
A comparison between the analog and digital evaluation of the 
optical cross correlation data was reported in ref. 7. Further com- 
parison will be covered in the last section of the present report. 
The specific objective of the present research program was the 
evaluation of a passive cross beam system as a remote atmospheric 
measurerent tool. Three areas of application were investigated: 
a) Wind Measurewent s 
b) Turbulence Measurements 
c) Aerosol Layer Measurements 
The results of these three areas of investigation are summarized in 
the present section. 
a) Wind Measurements. - For ideal conditions of aerosol li.ght 
scattering the passive, optical, cross beam system was shown to 
indicate ccnvective velocities. The feasibility study suggests that the 
present optical cross beam system is not practical as a passive remote 
sensor of wind. The logical improvement would be the use of light 
sources instead of available sky light. The present system does not 
. - -  - 
appear to be selective in the height a t  which the ieatiuremcnt' 10 made, 
Apparently the system is most sensitive to particular liyers of aerosols, 
rather than the common intersection point. Use of external light sources 
would allow a better defined height to be measured. 
b) Turbulence Measurements. - The feasibility study of the 
cross beam system for obtaining turbulent information was not successful. 
Failure to obtain a maximum in the cross correlation measurements at 
zero time delay for intersecting beams masks the direct turbulence 
measurements. Evaluation of the shape of the space-time correlation, 
as related to the turbulence, at other than the intersecting beam case 
was suggested to be ,nvalid by Townsend, ref. 13. 
c) Aerosol Layer Measurements. - Although not a specific part 
of the feasibility studies of the passive, optical cross beam systems, 
experiments indicate that the s!-stem responds to aerosol layers. Figure 
9 shows a cross correlation mea.;ure made for Haswell run No. 20. For 
this run one optical unit was pointed straight up, and the second unit 
intersected it at a height of 128 ft (39 meters). A large peak value 
of correlation is obtained; however, the peak does not occur at zero 
time lag. This type of result was found for a great number of t;he 
Waswell tests. It is obvious that the correlation is affected by 
aerosol particles that are either above or below the point of inter- 
section. Thus, the major information being correlated must come from 
a layer of aerosols, rather than from the volume of common intersection 
of the two beams. 
1.6 ANALOG AND PIGITAL EVALUATION OF CROSS BEAM SIGNALS 
Measuretments from the  opt ica l  cross beam signals  have been 
evaluated both d i g i t a l l y  and by analog techniques. Figure 2 is  a 
typical comparison between the two techniques. The major difference 
i n  the  calculations shown i n  f igure  2 is due t o  the  reduced frequency 
response, o r  da ta  points  employed in  the  d i g i t a l  analysis.  For the  
de ta i led  measurements of most of the  Haswell tests the  agreement betweten 
digiza l  and analog values was found t o  be qu i t e  close. 
Figure 10 is a comparison between t h e  analog and d i g i t a l  evaluation 
fo r  typical  Haswell runs. Figure 10 a) compares the  analog and d i g i t a l  
evaluation of the  cross correlat ion for  run No. H-19. The comparison 
is found t o  be very good. In general it is  found tha t  the  agreement 
betwen the  analog and d i g i t a l  evaluation is good as  long a s  the  
signals  are  well above the  indicated noise levels.  The or ig inal  da ta  
I 
f o r  run No. H-19 was recorded f o r  a frequency range of 0.01 t o  3 hertz .  
The analog analysis reported by Huff and Sandborn, r e f .  12 [attached 6 
I 
as  Appendix E ) ,  was also  carr ied out fo r  the frequency range of 0.01 4 
t o  3 hertz .  The or ig inal  d i g i t a l  analysis was based on a 50 second 
piece length, which corresponds t o  a frcquency of 0.02 hertz .  The 
correlat ion calculated by the d i g i t a l  computer corresponded t o  a 
frequency range of 0.02 t o  3 hertz .  The computed correlat ion i s  then 
corrected t o  account fo r  the  so-called "DC trends" which re f l ec t  the 
variat ion f o r  the 0.01 t o  0.02 her tz  range of frequencies. The corrected 
correlation i s  termed the "modified accumulative correlat ion ," and it 
is t h i s  correlat ion tha t  i s  shown on f igure 10 a ) .  The good comparison 
suggests tha t  the d i g i t a l  technique used t o  account fo r  low sampling 
r a t e  i s  a useable approach. Figure 10 a) a l s o  compares t h e  d i g i t a l  
ca lcu la t ions  of  the modified accumulative cor re la t ions  f o r  run H-19, 
both with a 50 second and a 100 second sample piece.  The longer sample 
r a t e  reduces t he  lower frequency t o  0.01 he r t z .  Figure 10 b) shows a 
s imi la r  comparison f o r  llaswell run No. 20. In both t he  runs f o r  yhich 
t he  106 second sample piece length was employed t h e  magnitude of t he  
cor re la t ion  was decreased. This decrease i n  correiat ior l  was r ~ v i  
explained. 
A c r i t e r i o n  f o r  s e l ec t i ng  the  best  time over which t o  analyze t he  
cross  beam s igna l s  was found t o  be when t h e  r.m.s. s igna l  output is  
reasonably constant ( f i g .  8). This region of s teady r.m.s. s igna l  has 
been evaluated both fo r  runs H-19 and H-20. Figure 11 shows the  
d i g i t a l  evaluation of  t he  r.m.s. amplitude of run H-19 f o r  t he  50 
second piece lengths.  The piece number should be mult ipl ied by SO t o  
evaluate  t he  run time i n  seconds. Similar  curves t o  those of f igure  11 
were computed by the analog technique. Figure 12 is  i;n e r r o r  curve 
obtained from the  d i g i t c l  ana lys i s  f o r  t h e  modified accunrulative cross  
cor re la t ion  ca lcu la t ions .  The C h i  Squared conf idcnce leve ls  a r e  a l s o  
noted on f i g .  13. A t  approximately t h e  30th piece the e r r o r  approaches 
t h e  l i m i t s .  The number 1 op t i ca l  un i t  shows a major r i s c  i n  t he  r.m.s. 
a t  t he  same time. Thus, f o r  ana lys i s  it would be indicated t h a t  t h e  
f i r s t  30 pieces  o r  1500 seconds be employed. Figure 13 shows t h e  c ross  
co r r e l a t i on  obtained both by analog and d i g i t a l  means f o r  t he  f i r s t  
1200 seconds of run No. ti-19. A maximum co r r e l a t i on  of the order  of 
.b was obtained from the  analog computer. A value of .2h was obtained 
by tho d i g i t a l  computer. 
Figure 14 compares the cross correlation obtained on the digital 
computer for time of 1200, 1450, 1500, 1650 and 1700 seconds. A 
definite drop in the correlation is noted between the 1500 and 1650 
time periods. This drop in m ~ i m u m  value of the correlation appears 
to be directly related to the unsteady r.m.s. variation of the light 
signal. Thus, it can be concluded that for optimum operation of the 
cross beam system a steady value of the r.m.s. light fluctuations is 
desired. 
1.7 CONCLUSIONS 
For ideal light scattering conditions the passive, optical, cross 
beam system was shown to measure mean convective velocities in the 
atmosphere. Useable results were obtained from approximately 209 of 
the total tests. A fundamental difficulty appears to exist in many 
of the tests, in whether a particle scatters light in an identifiable 
way. If the scattering is not consistent between the two beams, the 
net mean correlation is zero, even though the instantaneous values 
of the correlations are large. Evidence of this apparent inconsistent 
scattering was observed for the beamlooking directly at each other. 
Evidence was obtained which indicates that aerosol layers could 
produce large correlations at heights not predicted from the beam 
geometry, These layers appear to dominate the correlations, thus 
limiting measurement to the layer only. When aerosol layers are found 
to exist, the cross beam system could serve as a means of remotely 
measuring their convective velocity. . 
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SECT'ION 11. 
EXFERIMENTAL PEOBAUILITY DENSITY ~ISTRIBUTIONS 
FOR OPTICAL AND IhFRA-RED CROSS-BEAh! UNITS 
L. L. Huff 
and 
V .  A .  Sandborn 
Approximate probabi lity de~~si ty distribu' ions have bei~n computed for 
selected optical and infra-red cross-beam data from the Haswcll experiments. 
From this limited analysis it appears reasonable to assume that the signals 
from a single IK unit are log-normally distributed. This does not appear 
to be a reasonable assumption for either a single optical unit or for the 
Lnstantaneous prodcct of two signals. The experimental probability density 
distributions are presented as plots,and comparisons are made with fitted 
log-normal distributions. 
A scrics of cross-bc:lm exper irnents was conductr~tl at t t~c ESSA field 
site at llaswell, (:olorado, in october 1963. Both optical and infra-red 
units were operated on n con~parison b a s i s .  Reference 1 reportcd thc test 
configuration and experiment identification. A preliminary corrclation 
analysis of thc data was reported in Reference 2. The Frescnt report is 
n data report presenting an approximate anal)*sis of the probability density 
distributions for the signals from both the optical units and the 1 R units. 
'I'wo runs representing each of the two types of cross-beam units werc 
selected for analysis. Probability density clistributions art: a i s ~  ritesentcd 
for thc insti~ntancous product of the signals for cacli of the runs. 
2.3 !4E'I'HOL, OF ANALYSIS 
Strip chart recorder traces of selected portions of the data were 
matie from the magnetic tape recordings. Figure 8 shows a representative 
sample of each of these traces. As can be seen on Figure 8, one trace is 
the signal from a single cross-bean unit while the second trace is the 
product of the signals from both units. After establishing an arbitrary 
zero lcvel for the signal traces, the number of crossings of the trace for 
a given voltage level was determined by a visual count, and the results 
vurc plotted versds voltage level. These curves were then normalized by 
scaling the orcliliatc so that the area under the resulting curve was equal 
to one. l'hese curves are a reasonable approximation for the probability density 
distributions of the signals. No analysis was made for thc single optical unit 
in Run 1;-10 because of thc poor quality of the strip chart recorder trace. 
Graphical methods were used to determine the first four moments of 
these distributions. The distributions were then replotted with a shifted 
abscissa to obtain a distribution with a zero first moment. These distributions 
are shown as Figures 1, 2, 3, 4, 5, 6 and 7 and the values of the second, third, 
and fourth moments about the mean arc given on the figures. 
A suggcstioti by Mr. 'l'ony Wcigandt of I'1"1'I<T to the effect that the 
distriltution of the data slinuld he log-normal was checked by attempting to 
fit s log-normal curvc. to tlic above data. 'rhc results are shown on Figurcs 
2, 0 and 7. 
2.4 EVALUATION 
AS can be seen from tlic figures, the distributions for the optical units 
a s  well as those for product of the signals of two units seem to be very 
strongly peaked near the mean. On the other hand, the distributions for the 
signal.; froin a sirlglc I H  unit have a flattened appearance near the mean. 
Ejyurc 7 shows the result of attempting to fit a log-normal d~stribution 
to one of the pcakcd cascs. Because of the poor fit in this case, no attempt 
was made to fit the other peaked distributions. Figures 2 and 6 show the 
result of fitting a log-normal in the flattened cases. The closeness of 
the fit is rather surprising considering the admittedly somewhat crude 
analysis of the data. It appears that it is reasorlable to assume a log-normal 
distribution for the signal from a single infra-red unit. To date, no reasonable 
explanation has been proposed for the extremely peaked distributions. 
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SECTION 111. 
IL'iALOC COMPUTA'r ION OF AIJTO- AND CROSS -CORRELATION FUNCTIOPiS 
3.1 INTRODUCTION 
For ar la lys is  of t h c  d a t a  obtained from tile cro::s beam systems i t  
was dccmcd d e s i r a b l e  t o  conipute t h c  auto-  and cross-corre1; l t ion  
func t ions  by both  d i g i t a l  and analog methods t o  provide  a cross-check 
of t h c  a n a l y s i s  methods and an i n d i c a t i o n  a s  t o  which o f  tile two methods 
would be most s u i t a b l e  f o r  r o u t i n e  use  i n  t h e  a n a l y s i s  of  such d a t a .  
I t  is t h e  purpose of t h i s  appendix t o  provide  a concise  d e s c r i p t i o n  of  
t h c  ccluipnlent and procedures uscd f o r  t h e  e l e c t r o n i c  analog a n a l y s i s  of 
t h e  c r o s s  beam d a t a .  
Figure A-1 i s  a block diagram showing t h e  s i g n a l  p r o c c s s i ~ l g  and 
co~nl )u ta t io~ i  s e t  -up uscd f o r  most of t h e  analog d a t a  a n a l y s i s .  'I'lie 
d a t a  obta ined a t  t h e  f i c l d  t e s t  s i t e s  were rccordcd on ~ i ~ a g ~ : c t i c  npc 
using wide-band FM recording techniques .  The rccordil lg t a p e  spccd 
uscd was 1 7/8 IPS. Thc d a t a  a s  rccorded were band-pass f i l t e r e d  by 
electronic s i g n a l  processing i n  t h e  d a t a  a c q ~ i i s i t i o n  systems.  ':'he d a t a  
was reproduced i n  t h e  analog computatian l a b  Ijy p lay back of t h c  
nraynctic t a p c  on an I\MPl:X modcl 1:R 1300 t a p e  rccordcr  with tlic 
appro l~r  i a t c  1:bl rcproducc amp1 i f i crs  . Tllc t s l ~ c  spr>cd used f o r  17 l ; ~ y  
hack was 60 11'::. 'I'lii s t a p c  s l ~ c c d  providcd ;i r ca l  ti111e t o  computation 
timc comprcssivri r a t i o  ol' 32 t o  1 and productxl a d:~tt l  frcclt~cncy bi111cl 
whi ctl was colnp;lt i hlc. wit11 the s i g n a l  proccss  i ng cquil)nlcnt avail;il)lr.  i 11 
t h o  I ah. Sonic sI1ort ~1at:l records  wc-re playcd hack : i t  30 I I'S. 
'I'he d a t a  a s  reproduced by t h e  t a p c  recorder  was then ampl i f ied  
I)y two i 'hi lhrick blodcl K2bi operational ampli F ic r s  with v i i r iablc  ga iu  
fccd back systcm4; and then bandpass f i l t e r e d  thrc.uah two SKL Model 
308A variablc  c lec t roni  f i l t c r s .  These f i l t e r s  were s e t  t o  pass the  
frequency band covered by the recorded da t a  and t o  r e j e c t  frequencies 
outs ide t h i s  band, thereby minimizing the contr ibut ion of extraneous 
e l ec t ron ic  n o i w  t o  thc s igna ls  of i n t e r e s t .  The processed s i g ~ r a l s  
wcre thcn fcd t o  a  PAR Model 101 cor re la t ion  function computer which 
computed the auto- and cross-correlat ion functions f o r  t he  da ta .  The 
computed cor re la t ion  functions were then recorded by p lo t t i ng  on a  
Moselcy Moclcl 135 X-Y recordcr. A typ ica l  cor re la t ion  p lo t  i s  sllowll 
on Figure A-2. 
3.2 COMPUTATION PROCEDURE 
The procedure f o r  computing the  cor re la t ion  functions was as  
follows: 
1. Thc tapc recorder rcproduce amplif iers  were ca re fu l ly  
ca l ibra ted  following the procedure given i n  t he  AMPEX FR 1300 
manual 
2 .  The DC output leve ls  of the Philbrick OP amps and the  SKL 
f  i 1 t e r s  wcre carefu l ly  nu1 led fo l  lowing the  procedures 
rccommcndcd in  the manuf'acturcr's manuals,and the  appropri:itc: 
cut-off frcqucncics wcrc s e t  on thc  f i l t c r s .  
3.  l'hc system was connected and the  galn of t he  OD amps was 
s c t  t o  providc an appropriate s ignal  levcl  a t  tllc inputs of 
the cor rc la t ion  function computer. The gains were adjusted 
t o  providc vcry ncarly cqual peak valucs f o r  t h e  auto- 
cor re la t ion  functions of the  two si gnal inputs.  
4.  The computation of t h e  c r o s s - c o r r e l a t i o n  and t h e  two 
a u t o - c o r r a l a t i o n s  was pcrfonncu usin:: a 100 scct\ncl (computa- 
t i o n  time) averaging t ime. The ind iv idua l  c o r r e l a t i o n  func- 
t i o n s  wcre recorded on t h e  X- \ i  p l o t t e r  a s  shown i n  Figure  A - 2 .  
('l'he PAR c o r r c l a t i o ~ i  funct ion computer was equipped with n 
time collstant  of  18.8  sccunds,  which requ i red  a minimum of 
94 seconds averaging tir.1~ f o r  coml~uting t h e  c o r r c l a t i o l l  
func t ions .  'I'hc t j r ~ ~ c  d e l a y ,  'I' , on t h e  c o r r c l ; i t o r ,  \,,:I\ s C t  
in nccordancc wi th  t h c  requirenlent , '1' - ; 25/1:l,ax , \\'licr.c 1: 
I11iIS 
was takcn t o  bc t h e  upper c u t - o f f  frequency s e t  on t h e  f i l t e r s ,  
i n  o rde r  t o  avoid a l i a s i n g  effects.) 
5 .  The d a t a  s i g n a l s  were v i s u a l l y  monitored on t h e  monitor scope 
dur ing computation s o  t h a t  any malfullctions of equipment o r  
obvious anomalies i n  t h c  d a t a  could be de tec ted  and c o r r e c t e d .  
Th i s  procedure produced s a t i s f a c t o r y  illid r epea tab le  r e s u l t s  
provided t h a t  t h e  s t a r t i n g  tin!c and s topping t ime of  t h e  computation 
always occurred a t  t h e  samc p o i n t s  ot' t h e  d a t a  rccord.  Since  it was not  
always p o s s i h l c  t o  s t a r t  t l ~ r :  com],utation cxact  ly  ; ~ t  tile 1)cginning of :I 
d a t a  record,  t h c  s t a r t i n g  t i l r~e  was s e t  't)y s tar t i l i l :  ; ~ t  a 1 ' i ~ c J  nurnbcr of 
sccorlds a f t c r  v i sua l  ol)scrvat  ion of t h e  beginning of' tllr cl;~ta s i g n a l  on 
t h e  ~l loni tor  scope. The s topping time was tlicn clctcrmined by ca re fu l  l y  
t iming the  dura t ion  of t h e  computation. 
A l i rni tcd number of computations wcre pcrforn~cd us ing d i f f e r e n t  
t ape  spceds f o r  p lay  back of  the  d a t a  and u t i l i z i n g  narrower frequency 
pass bands but no consistent e f f e c t  of  t h e  v a r i a t i o n  of t h c s c  parameters 
were observed. iiowever, t h e r e  was ;unple evidence observed dur ing t l ~ c s c  
cornputat i ons t o  indicatu  t h a t  t h e  rccordcd d a t a  iiad I ~ C I I - s t a t  i ~ l ~ ; i r y  
c h a r a c t c r i s t  i c s .  
3 . 3  EQUIPMENT USED i 
Various typcs of s ignal  processing equipment were used a t  one cime 
o r  another i n  performing the  analog computations. Ilowever, the  vast  
majority of the  computations were performed with the  equipment, set-up,  
and procedures as  out l iqcd above. In summary, the items of equipment 
used werc as  follows: 
1. Ampex Model FR 1300 tape recorder with appropris te  Fbl 
rcproducc ampli f i c r s  . 
2 .  Philbrick Model K 2 W  operational ampli f i c r s  with vari: i l~le 
gain fccd back networks. (1 f o r  each da t a  channel.) 
3. Spencer-Kennedy laborator ies  Model 308A var iab lc  e l ec t ron ic  
f i l t e r s .  (1 f o r  each da ta  channel.) 
4 .  Princeton Applied Research Model 101 correlatiorl  function 
computer (time constant = 18.8 seconds). 
5. Moselcy Model 135 X-Y recorder.  
6.  I'cktronix type 502A Dual -beam Osci 1 loscope. (Normally used 
only f o r  v i sua l  monitoring of da ta  s igna ls . )  
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SKCTION IV. 
1 ) l ~ l . l .  1?4 I N A I t Y  AKA1,YS IS 01: (:l{OSS HI.Ak4 I)ArI'A l,l<O:l 'I I l l .  
1' Y 
V .  A .  Sandborn 
A ,  R .  Hice 
W .  C .  C l i f f  
H. C .  l tablutzel  
Preliminary eva lua t ion  of c r o s s  beam d a t a  taken a t  t h e  Gun Barrel  l l i l l  
t e s t  s i t c  of LSSA is pl.esented. 'I'he eva lua t ion  i s  made !]sing t h r  analoq 
Princeton 'I'ime C o r r e l a t o r .  t? study of the  frequency band width 1 i m i t a t i o n s  
of  t h e  Princeton Time ( : o r r e l a t o r  i s  madc. Based on the  band width l i m i t a t i o n s ,  
i t  i s  p o s s i b l e  t o  demonstrate t h a t  nea r ly  i d e n t i c a l  c o r r e l a t i o ~ i  i s  obt.ained 
f o r  f requencies  from .O1 t o  3 . 9  I l e r t z .  I ) i f f i c t ~ l t y  i s  cncountercd i n  t h a t  
maxin~ums i n  t h e  c o r r e l a t i o n  curves do not occur a t  zero t ime l a g  f o r  zero 
beam sepi1r;rtions. 
The NASA x o s s  hcam system was s e t  u p a t  t h e  Gun Uarrel l l i  1 1  mt  eorologicnl  
t e s t  s i t c  of  ESSA i n  .June of  1968. A s e t  of  runs (No. 201,  2 0 2 ,  203 ant1 20.4) 
w a s  recorded i n  .June t o  check t h e  equipment. T n i t i a l  checks of t h e s e  runs 
ind ica ted  the  equipment was opera t iona l  and no  major prohlcms had developed 
during the  movc from t h e  P l a t t e v i  1 l e  rneteorologicnl  t e s t  s i t e .  During J u l y  t h e  
c ross  beam e l e c t r o n i c s  was i n s t a l l e d  in  the LSSA f i e l d  house,  s o  tllc mobile u n i t  
could he re turned t o  N A S A .  A s e t  o f  cross  beam measurements w a s  made during 
August of zero s e p ; ~ r a t i o n  he:lms a t  tower he igh t s .  Lnch of a Pr inceton 'I ime (:orre- 
1;itor prcvcntcd an analog a n a l y s i s  of  t h i s  da ta  u n t i l  r c c c n t l y .  Of the  measurement\ 
madc, runs 209, 210 ant1 2 1  1 were sen t  t n  r;ASA-MSI:(: f o r  eva1u:lt ion ;~nd  a r e  not 
a v a i l a b l e  a t  CSU f o r  atlalog a n a l y s i s .  Space-time correlations of runs No. 204 
t h r o u ~ h  2 0 8 ,  arid 2 1 2  tlirough 2 1 5  a r c  i nc l~ ldcd i n  tli i s \!cn~o. 'l'hcse r n r r c t l , ~ t  io~i.; 
a r c  preliminary i n  t h a t  t h c y  a r c  s in f i l c  ci;implcs w i  tllout rcpcat  runs.  I);l t  :I from 
a low lcvcl  run f i io .  I!(: 100) is  ;I ie,o : I I I : I  l y  zc\d w it11 thc. j>r'c.st~lit cnrrc. l : ~ t  lnris. ' I ' l l  i s 
I:(: 100 rut1 i s u prc> l i m i  nary clif.cl, out run f o r  t  l ~ c .  cLv;l l u ; ~ t  i or1 (1 1 t u rl)u l cncv w i tll 
hot wirc ;rnc:morsctcrs and thc  c r o s s  I ) ~ : I I I I  system. 
'I'hc cross hcam expcrimcnts wcre made with the NASA optical units, 
ref. 1. 'l'he ESSA Gun Barrel Hill test site was employed for the present 
tests. Figure 1 a) shows the setup of the two optical units with respect 
to the meteorological tower. Figure I h) is an elevation drawing of the 
tower and the two optica!. units. For test runs 204 through 215, reported 
herein, a climet cup anemometer and wind direction unit was used to indicate 
winds at tower heights. A11 data was recorded on a 14 channel tape recorder 
at 4.76 cm per ser. The data is played back for analog analysis at 152.4 
cm per sec. The output of the wind instruments and the optical units were 
also recorded on chart recorders. 
4.4 ANALYSIS OF MEASIJREMENTS 
l'imc lag correlations for the two optical signals and their cross product 
have been mcasurcd. 7'hcse runs were also supplied to NASA-?1SFC in digital form 
from the ESSA data logger. Specific information about the runs is listed in 
Table I. 
l'he chart recordings of wind speed and direction for the runs analyzed 
are shown in figure 2. The optical 1, :ts4 light fluctuations for the runs are 
shown in figure 3. These two sets of figures are reprints of the original data 
and have not been redrawn. In some cases it was necessary to divide thc charts 
in sectims in ordcr to get a complete run on the page. These charts should be 
used instcad of the approximate wind speeds and direction given in l 'ahlc  I for 
accurate cvaluation of the data. 
'1't1(. cross-and auto- corrclatior~s for thc two optical units wcrc made with 
thc I1rinccbton l'imc (;orrelator. Figure 4 is thc cross-corrcl:~t inn of 3n 0.112 Ilz 
sinr w:~vc c:~l il)ratiot~ s ignul  that was recordcd just heforc run no. 204. 'I'his 
calibration signal was treated just as the cross-corrclntion signals arc ohtained. 
'I'hc right sidc of t.l~c si~nal is ttic. correlation bctwcen channels No. 1 dcl:~ycd 
with respcct to chnnncl No. 5 of thc tape rccordcr. 'I'llis arrangement is iclcntical 
to d c l ; ~ y i n g  the output of optical unit Yo. 1 with respect to optical unit No. 2 For 
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the light fluctuation signals. Figure 4 is a check of the accuracy of the 
speed of the two tape recorders used for recording and playing back the signal. 
It also demonstrates that no interchannel displacement errors are int.roduced 
in the record-playback operations. The slight mismatch of the two sides sf the 
correlation curve at zero timc lag is a characteristic of thc time correlator. 
For all the data presented,the right-hand side of the correlation curve is con- 
sistent between the auto- and cross-correlations. The left-hand side of the 
cross-correlation curvcs shouid be scaled up to be eqtivalent tu those of the 
right side. 
Figures 5 show the measured cross-and auto-correlations for the runs listed 
in T:~hle I. In several cascs more than one curve of the correlations for a 
particular run is given. For these cases of more tlia~: one curve the tini l i g  
scale has usually been varied. For run 206 (figures 5 c-1 and 5 c-2 ) the 
correlation was repeated to determine reproducibilitv of the correlation 
measureyent. Figure 6 is a replot of these tko measurements. The results of 
figure 6 are that the correlation curves are uncertain kithin approximately 
tO.01 in the measured correlation. This uncertainty is not unreasonablc within 
the accuracy of the correlator and the sampling time. 
All plots shown in figure 5 were time averaged for 88 seconds in the Frinceton 
Time Correlator. Since the signals were played back at a speed 32 times greater 
than recorded, the 88 seconds corresponds to a time average of 46.9 minutes in 
real time. Details of the time averaging of the correlator have not been specifi- 
cally evaluated, so the 88 seconds is an approximation, A time count was recorded 
on channel No. 14 of each tape so the correlations are started at a speciiic time 
and cnded at tP,a predetermined 88 seconds. This insures that the cross-and auto- 
correlations correspond to the same time period of the recording. 
P i  gure 7 i s a comparison of cross-correlat ion curves obt a i 11t.d for dif fcrent 
timc delays. The original curves are presented in figures 5 b-1) thr0up.h 5 b-5). 
'I'hc s c t  of data was taken to determine the effect of frequencv limitationsimposr\l 
by the Princetbn 'I'imc Correlator. As pointed out in 3 recent IIT month12 report, 
the t)ilnJ width of thc corrclator is limited by the delay time selected. The 
frequency range is given as 
where AT is the maximum delay time of a given correlativ~l curve. I'or all 
time delays,employed the first peak was determined. 'I'he variation in 
magnitude between the different curves is no grcater than the rereatability 
results obtained in figure 6. Adequate evaluation has not been completed t3 
co.lclude whether the frequency restrictions given by equation I I )  arc val id. 
Figure 7 suggests that equation (1) is not a major restriction on the evaiu- 
ations of cross correlations. The second possibility is that There i.j equal 
contribution to the correlation from all the frequency bands indi-ated on 
figure 7. Further evaluation of the band limited contributions to the cross- 
correlations is required. 
The present analysis of zero beam separation correlations fails to produce 
a maximum in the corre! ttion at zero time delay. l'he maximclm in the correlation 
varies from side to side of the time dc;ay scale. For example, the maximum 
correlation for run No. 205 occurs when unit No.1 is delayed with rcspect to unit 
No. 2. For run No. 206 the maximum correlation occurs when unit No.? 
is delayed with respect to unit No. 1. l'hese results arc taken to indicate that 
the shift of the maximum correlation away from zero time lag is not caused by 
electronic problems within the units. 
A very receFt set cf zero beam data was taken for the first level of the 
tower. This run was a preliminary set of hot wire and cross-beam data. The 
low level crossing of the beams has been evaluated and is shown in figure 8. 
The run, which is noted as run BC 100, was approximately 6 hours in length. The 
first two 46.9 minute sections of the data are evaluated in figure 8. 'I'he first 
set gives a maximum correlation at or near zero time lag. The correlation curve 
is "skewed" to thc left side. Data on the w i n d  velocity is not yet available 
to f-~lly ~valuatc possible scales from this data. It appears that the correlation 
indicates scales much larger than arc expected. 'I'he broad correlation curve may 
represent a smearing effect due to the extreme low level intersection. 
4.5 CONCLUIjING RL\IARKS 
The present memo gives a review of correlations measured for the initial runs 
made at the Gun Barrel Hill test site. The major problem is that the zero beam 
results do not produce maximum col.relations at zero time lag. Some indication of 
maximums at zero time lag is observed for low lsvel correlations. 
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SECTION V. 
CkBCK OW' OF REBUILT OPTICAL CROSS-BEAM UNITS 
by n q y -  3 0 s Y p  
L, L. Huff 
V.  A. Sandborn 
k. E. Caw 
5 .1  S W R Y  
Preliminary evaluations of limited cross b e u  data taken 
with the  r ebu i l t  optical  cross beam uni ts  a t  the  G u n  Barrel H i l l  
Test S i t e  of ESSA are  presented. The evaluations were made using 
the  analogue Princeton Time Correlator.  A study of these evalu- 
ations indicates tha t  the  r ebu i l t  uni t s  a r e  performing sa t i s fac to r i ly .  1 1  
However, there a re  indications t h a t ,  i n  order t o  obtain useful 
infomation from the  cross-correlations, it is essent ia l  t o  make 
judicious choices of computation time and frequency band pass 
f i l t e r i n g  f o r  the  analysis of the  data. 
5.2 INTRODUCTION 
Unsuccessful attempts t o  acquire r e l i ab le  da ta  with the  cross '  
beam opt ica l  uni ts  during June and July resulted i n  a decision t o  
have the  signal processing electronics r ebu i l t  by IITRI. In August 
the c i r c u i t  boards were removed from the  un i t s  and taken t o  IITRI 
fo r  rebuilding. Several components were discovered t o  be faul ty ,  
apparently having f a i l e d  f o r  u n k n m  reasons. These components 
were replaced and the  signal processing electronics were modified 
t o  r e f l cc t  improvements made possible by increased knowledge of the 
signal processing requircmnts.  A t  the  same ti-, INRI adjustcd 
the  c i r c u i t s  f o r  optimum performance. The rebu i l t  c i r c u i t  boards 
were delivered t o  the  Gun Barrel H i l l  t e s t  s i t e  and ins ta l l ed  i n  the  
opt ica l  uni ts  by IITRI during the  f i r s t  week in Septeaber. 
5.3 EVALUATION OF SIGNALS 
Following installation of the rebuilt electronics, several m s  
(tap mmbers X and Y) were recorded to verify operational status of 
the equipment. Preliminary checks of selected runs indicated that the 
clquiputnt was operating satisfactorily. Run X-1 was a typical cle- sky 
run with the units looking directly at each other. Run X-2 was a repe- 
tition of run X-l with the low-frequency components of the signal filtered 
out. Run X-3 was a repetition of run X-1 with a heavy cloud cover. All 
three of these runs were made with black targets blocking the background, 
Two of the runs (X-4 and X-5) were recorded at night with both units look- 
ing at a high-intensity light bulb located on the line of sight between 
the units and equidistant froa the two units. As anticipated, both units 
displayed r luge 120 He component due to the fact that the light bulb was 
powered by a 60 Hz voltage. On run X-4 relatively large variations in 
the signal were observed which wereapparently due to line voltage variations. 
Accordingly, on run X-5 the band-pass filters on the units were adjusted 
for 0.01 He to 10 He to reduce the 120 He component of the signa1,and the 
high-intensity lamp was pwered from the output of a voltage regulator to 
reduce the effects of line voltage variation. The final run (X-6) on tape 
X was recorded as a simulator run on unit 42. For this run the photo diode 
was disconnected and a signal generated by a simulator supplied by IITRI 
was inserted in its place. 
Tape Y contains the records of three clear sky runs. The first of these 
(Y-1) was recorded with the beams intersecting at tower height (48.2 meters). 
Run Y-2 was recorded with the hems aimed in skewed directions and run Y-3 
with the units looking directly at each other. Table I presents a suarrary 
of these runs,and Figure 1 shows the location of the units relative to the 
tower during the runs. 
5.4 RESULTS 
Figures 2 through 9 present the results of preliminary analogue 
auto-aqd cross-correlhtions of the runs described above. These 
correlations were obtained with the Princeton Time Correlator. Figure 2 
shows a definite peak in the cross-correlation curve with a nearly zero 
time delay and a maximum correlation of almost 40%. Figures 3 a, b and c 
present the effects of cutting out the low frequency canponents and using 
different computation periods. Note that there is still a clear peak 
at nearly zero time delay but that the maximum correlation has now been 
reduced to approximately 4%. The effect of a heavy cloud cover is present- 
ed in figure 4 .  It is no longer possible to detect a single clearly 
defined peak in the cross-correlation curve. Figure 5 presents a pre- 
liminary correlation for the first night run (X-4). The cross-correlation 
curve shows a very definite peak of large magnitude with zero time delay. 
There is some doubt,however, about the scale for this figure since the 
maximum cross-correlation is greater than 1. It was not possible to check 
this corrclation because both types X and Y were sent to'~arshal1 Space 
Flight Center shortly after the preliminary evaluations were completed. 
Firares 6 a and b show the correlations of run X-5 with two different 
computation periods. Again,there is a distinct peak in the cross- 
correlation curve at zero time delay. The maximum correlation of between 
205 and 25% is unexpectedly low. 
Preliminary correlations for runs Y-1, Y-2 and Y-3 are present in 
figures 7, 8 and 9. In figure 7 there appears to be a strong positive 
correlation with a time delay of bctween 15 and 16 seconds,and there does 
not seem to be any logical explanation for thds phenomonon. Therc also 
appears to be a strong negative correlation in figure 8 with a time dclay 
of bctween -2 and -3 seconds for which no logical explanation can he 
offered. Figure 9 shows two distinct positive peaks and two distinct 
negative peaks of about the same magnitude in the cross-correiarior~ curve. 
Again,no logical interpretation of these peaks is forthcoming. It should 
be noted hcre,however, that there was some question 8s to whether or not 
the units were aimed directly at each other on run Y-3. 
TABLE I 
CROSS-BEAM CHECK OUT RUNS AT GUN-BARRBL HILL 
Run No. Sky Wind Beam Approx , Remarks 
Cond. Info, Sepuat ion Altitude 
X X-1 Clear ? 0 Bandwidth 0.1-1OHZ 
Optical Filters 
Black Targets 
X-2 Clear ? 0 0 Bandwidth 1.0-lWZ 
Optical Filters 
Black Targets 
X-3 Heavy cloud ? 
cover Bandwidth 0.01-10 HZ. Black Tugets 
X-4 Night run ? 0 0 Bandwidth 0.01-30 HZ 
- - - - - --- - - - - -- - - - -- - -. - - - - 
X-5 Night run ? 0 0 Bandwidth 0.01-10 HZ 
X-6 Simulator run onunit U2 
Simulator rote 2, Modulation 4 1  Bandwidth 0.01 -10HZ 
Y Y-1 Clear Gusts(S.E.) 0 48.h mdwidth 0.01-10HZ 
Y-2 Clear Light(E.-S.E.) - Bandwidth 0.01- 10HZ 
Beams not intersecting 
Y-3 Clear Moderatc(E.S.E.) 0 0 Bandwidth 0.01- 10ilZ 
Hot wire B 10 ft.lcve1 
Recorded on Ch. 17 
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SECTION V I .  
OP'I'ICAL CROSS BEAV F1EI.D TESTS AT ESSA 
HASWELL FIELD SITE, OCTOBER 1969 
V .  A. Sandborn 
A series of tests with both the visible and IR optical cross beam 
systems was made at the Haswell, Colorado,Ficld Site of ESSA between 
Cctober 4 and 8, 1969. This memorandum covers only the details of the 
test setup and runs. The data obtained from the tests have not as yet 
been analyzed. 
6.2 INTRODUCTION 
A joint field test program was undertaken by ESSA at a 164 meter 
(SO0 foot) meteorological tower located at Haswell, Colorado. The tower 
was instrumented with wind sensors, temperature sensors, fluctuating wind 
and temperature sensors and hmidity sensors. The sensors were located' 
at three elevations: 42, 192 and 162 meters. A movable elevator was also 
instrumented and could be positioned at any desired location along the 
tower height. The main object of the cross beam studies was to 
the visible and IR systems. 'fie instrunrents were also arranged so that 
direct comparison with the sensors on the tower can be made. 
6.3 TEST CONDTI'IONS 
W o  physical arrangements of the visible optical units were employed 
in the tests. Similar arrangements were employed for the IR units. Figure 
1 is a diagram of the two test conditions. Figure la is the arrangement 
used for runs H-1 through H-13. Figure 1 b is the arrangement used for 
runs H-14 through H-20. A log of the visible optical cross beam runs is 
given in Table I. 
I'he f i r s t  10 runs with the  exception of runs H - 3  and H-4 were 
taken a s  a d i r e c t  comparison between the  two cross  beam systems. These 
runs include cases where t he  beans a r e  looking d i r e c t l y  a t  each o ther ,  
l o o k i n ~  v e r t i c a l ,  and in te rsec t ing  a t  t he  42 meter level .  Runs H-3 and 
11-4 a r e  a speci a1 case (under cloudy sky) whcre t h e  b e ~ m s  a r e  approxi- 
mately p a r a l l e l  t o  the  ground and in t e r sec t ing  a t  r i g h t  angles.  Runs 
11-11 through 11-13 a r e  f o r  the  v i s i b l e  op t ica l  hcams in te rsec t ing  a t  102 
meters. 
The second t e s t  setup shown i n  f igure  1 h placed the  v i s i b l e  op t i ca l  
un i t  number I d i r e c t l y  below the  tower looking approximately s t r a i g h t  up. 
The s igna l  from the number 1 un i t  w i l l  be compared with t h e  sencors 
mounted on the  tower. The number 2 un i t  was 53 meters approximately due 
ea s t  of the  number 1 unit .  Tes t s  number H-14 through H-19 were zGro 
separation runs a t  d i f f e r e n t  heights  f o r  t he  two beams. Observation of  
t h e  da t a ,  while t he  recording was being made, appeared t o  ind ica te  a 
possible  higher degree of cor re la t ion  f o r  thc  high leve l  i n t e r sec t ions  
than the  low leve l .  
Run number 11-20 was the only beam separat ion test attempted. Unfortu- 
na te ly ,  t h e  separat ion runs werenot f ea s ib l e  f o r  most of t he  t e s t  time due 
t o  t he  absence of  well defined winds. The winds began October 8 but they 
a l s o  were accompanied by clouds. A storm system moved i n t o  t h e  area on 
October 8 and terminated any hope of fu r the r  runs. 
Reduced s i z e  copies of t he  da ta  shee ts  f o r  the  runs a r e  attached. 
The da t a  sheets  contain a time h i s to ry  of the  DC voltage leyel  from t h e  
two l tni ts .  The At: output of the  r ~ n i t s  was recorded on channels 5 and 11 
of  tape t ranspor t  100. 'The AC s igna l s  were amplified t o  mlxirnum level  
short '  of sa tura t ion  a t  the  u n i t s .  These high level s i gna l s  were at tenuated 
before entcr ing the  tape recorder. 'I'he ca l i b r a t i on  s igna l s  (1 VPMF, I \ f lW',  
and 0 .5  VDC ) were fed i n to  t he  a t tenua tor  a t  the  s a w  place as the  op t i ca l  
s igna ls .  Thus, t he  ca l ib ra t ion  s igna l s  can be used t o  c a l i b r a t e  the  voltage 
f luc tua t ions  of  t he  op t i ca l  u n i t s ,  but they do - .  not serve a s  a ca l i b r a t i on  
of the  tape recorder.  The f luc tua t ing  op t i ca l  signal wil1,in genera1,be 
g rea t e r  than the  ca l i b r a t i on  s igna l .  
Time Run l k  Run  Remarks 
Clock Number Nubar Number 
14:03 . Cal 29 
14:19 H-1 start 29 6 - 4 4  i d  by i d  b u s  looking a t  each other 
15:2S H-1 stop 29 6-15:24\ colpariaon .l-10 cps opon 
1S:Sl Ca1 29 
-. 
16:07 ~ , 2  s t a r t  29 7-16.08. k r s  l o o l i n ~  a t  each other 
17:OO H-2 s t o ~  29 7-17108? co.p"ison .I-10 cps. 0 .6-1 .1~ 
9: 10 H-3 s t a r t  9-9:33 ' 90'' Intersection I 1  
10:17 11-5 stop 1, 9-11:30) colparisan . l -3  cys 0.6-1.1~ 
10:41 CI 1 11 
10:54 11.4 s t a r t  ,, 90° ln ter rec t  ion 
11:53 H-4 stop 11 . I-3 cPS 0.45-0.65b 
12:28 (:a1 I, 
13:18 11-5 s t a r t  II 10-13: 17 Intersection a t  128 fee t  
14:?1 H-5 stop II 10-14 27: cmparison . I -3  cps 0.6-1.1" 
14:43 Ca 1 31 
14:SB H-6 s t a r t  11 Intersection a t  128 fee t  
16:W H-6 stop 11 
. - 
16: 14 Ca 1 11 
16:28 H-7 s t a r t  ,I 12-l6:28 lntersection a t  128 feet  
17:30 H-7 stop 11 12-17:30 caspari*on .l-lcps 0.4SdS" 
17:42 C8l ,t 
17:47 H-8 s t a r t  I 1  13-17:49 k o s  nointins ver t ica l  
18: SO H-8 stop 11 13-18:50 crossed 128 f t .  .l-&s open- 
7:19 Ca1 33 
7:34 H-9 s t a r t  I 1  
@I ~~:~~~~ \ vert i ca l  km pointing ver t ica l  9: 52 H-9 stop .l-3cps .45 -.65p 
10:41 Ca 1 11 24-8:S4 t o  9:S2 ve r t i ca l  
11:M H-10 s t a r t  34 2s-l0:59 t o  11:45 Horz. Ckms looking ut each other 
13:22 H-10 stop II 26-12:24 t o  13:22 tbrz.  0101-3 cps open 
13:25 Ca 1 ( 1  27-13:S6 t o  14:52 128ft. crosring. Intersect .  311 f t .  
14:05 H-ll s t a r t  I* 28-15:lO t o  16:lO " " " 
(I 0.01-3 ops. open 16:OO H-11 Stop 
lo:O2 Ca 1 $1 
16: 17 H-12 s t a r t  tq lntersection a t  311 f t .  
17:23 H-12 stm ,I 0.01 -3cpr 0.6-l.lu 
17:27 Ca 1 I* 
17:34 H-13 s t a r t  11 
17:54 H-13 stnn 11 
MSlTlONS OF UNllS CIUNCII) 
8:39 (31 
9:08 11-14 s t a r t  
11 :02 11-14 S t g  
II:fJ3 t a  l 
i1:25 11-15 s t a r t  
13:07 H-15 
IS:l l  Ca 1 
13:37 11.15 
14:27 H-15 stop 
14 : 27 Cal 
14:SO H-16 s t a r t  
16:18 11-16 stop 
16: 19 Cal 
16:U H-17 s t a r t  
17:2Q H-17 stop 
17:22 Cal 
17:41 H-18 s t a r t  
'?.:29 H-18 stop 
8:20 Ca 1 
I:& 11-19 s t a r t  
9:36 H-19 stop 
I): 56 Col. 
1U:OS 11-20 s t a r t  
1l:W 11-20 stop 
11:07 Cn l 
1I:SO 11-21 s t a r t  
I1:US 11-21 \top 
19:32 C ~ I .  
I9:47 H-22 s t a r t  
21: 111 11-22 stop 
Intersection a t  311 ft . 
0.1 - 5 e p ~  0 . 6 - 1 . 1 ~  
\ 
a1 ver t ica l  a2 Intersect.495 f t .  
0.01 - 3 cps open 
a l  vert  a2 intersect 495 ft. 
0.01-Scps open 
X l  ver t .  1 2  intersect 900 f t  . 
0.01-3 cps open 
# I  ve t t .  I2  in tersec t  900 f t  . 
0.01-3cps open 
#I vcrt .  I 2  Intersect 128 f t .  
0.01 -3 cpn opon 
Clouds m o d  in a d  w u o d  1 vert .  )?  In t e rwe t  I28 f t .  
nuch lnnn of r lgnal.  n.01 -3Q.p~ .c*-l.111 
Looking st l ight .  Ulinkinl 
rcd l ight  a t  300 f t .  level @ I  vct t .  n ?  rlltFr.ictl 12Rft. 
'an k scen hi' ' ~ 6 8 1  WAFS n.ol- so e p .  opt) 
North 
Optical Unit No. l 1 Optical Unit No. 2 
j \ a w e ~  l Tower 
a)locotions for Runs H - i  through H-13 
North (n8.s'  
-rr-;~----- --b To Optical 
Unit No. 2 
L o w e r  
Survey Oato on Exact I 
Location of Optical Units 1 
Haswel I ine Between Uni ts  Makes on Angle o f  Tower I ! ( L  87*32 'w i thNor th )  
b) Location for Runs H44 through H-22 
I .  1 .  l.ocation of optical units for Ilaswcll f i e ld  t e s t s .  
FIGURE 1- SAMPLE OF OPTICAL SIGNALS 
mu 
n-x 

UNIT  No. I 
% 
Vw,t No. I 


SECTION VII. 
ANALYSIS OF CROSS BEAM RUNS TAKEN AT 
HASWELL FIELD SITE, OCTOBER 1969 
by 
L. L. Huff 
and 
V. A. Sandborn 
Auto and cross-coarelations of the optical cross beam signals have been 
computed for the Haswell experiments. A limited number of the infrared cross 
beam signals has also been computed. The correlations are presented as plots. 
7.2 INTRODUCTION 
A series of cross beam experiments was conducted at the E S W  field site 
. . 
at Haswell, Colorado,in October 1969. Both the optical visual and infrared 
units were operated on a comparison basis. The test configuration and ex- 
periment identification were given in reference 1. The present memorandum 
is a data report of the initial auto-and cross-correlation evaluation of 
these tests. The data reported is in its original forn,kd no detailed 
analysis of the results has, as yet, been made. 
7.3 EVALUATION OF THE CORRELATIONS 
The original test data from the Haswell tests were recorded on F M 
magnetic tape. A copy of the original tapes was made and employed for the 
present analysis. The tapes were played back at 60 inches per second for 
analysis. Some of the infrared units runs ( Run 'Nos. 8,25,40,41,42,43,44,45) 
were played back at 30 inches per second in order to gain sufficient averaging 
time. The averaging time was nominally 3200 seconds real time at 60 inches 
per second and 1600 seconds real time at 30 inches per second. These averag- 
ing times correspond to 100 seconds of averaging time of the correlator. 
All correlations were computed with the Princeton Applied Research Model 
101 Correlation Function Computer. The time delay for each correlation 
presented was sct according to the relation 
MAX. Time delay = 2 5 
G a x  
1 
where fmax corresponds to the maximum frequency limit of the original recorded f j 
7.4 REFERENCE 
data, ref. 1. Only ,the original recorded frequency range has been employed 
in the present analysi ;. 
A limited number of "scatter diagramswwas also obtained by putting 
one of the optical signals on the y-axis of an oscilloscope and the second 
signal on the x-axis of the oscilloscope. 
Figure 1 shows a short sample of the actual optical units output for 
the runs. The vertical scale corresponds to light intens!.ty and the horizon- 
tal scale is time. 
Figure 2 shows the cross-and auto-correlations for the m s  evaluated. 
Runs Nos. H-12,H-13, H-18 and H-21 could not be evaluated from the tapes. 
Runs No. H-12 and H-18 were cut off in the reproducing process and may be 
recovered f r o m  the original tapes. Run 110. H-13 was too-short to be analyeed 
with the present setup. Run No. H-21 was taken during cloudy sky conditions, 
and as noted on the original data sheet, ref. 1, it does not contam useable 
data. 
Figure 3 shows the cross-and auto-correlations for the infrared runs 
analyzed. 
1. Sandborn, V.  A., Optical Cross Bear Field Tests at ESSA, Haswell Field 
Site, October 1969. Colorado State University, College of 
Engineering, Research Memorandum No. 18, 1969. 
FIGURE 2- CORRELATIONS OF OPTICAL CROSS B h M  SYSTPfS 
Run * H -I (Optical) 
Bond Pas 0.1 to 0 Hz 
AVQ. Time 3200 sec. 
- Noise Level 15 mv 
3.2 sec 
' Auto -Canalof ion - 3' 
Run 'H -3 (Optical 
Band fw 0.1 to 3.0 Hz 
~ v g .  Time 3200 sec 
Noise Level 2 2 mv Cross - Conelation 
Run %-4 (Optical) 
Band Pass 0.1 to 3.0 Hz 
Avg. Time 3200 set 
Noise Level 22 mv 
# Run K-5 (Optical) 
Bond Pass 0.1 to 3.0 Hz 
Avg. T irne 3200 3ec 
Noiw Level 22mv 
Run *ti-7 (Oplical) 
Band Pass 0.1 to 3.0 Hz 
Awg Time 3200 sec 
~ o i ~  LWOI 22mv 
-++- Unit 2 Oeloyd 
-6 4 sec 
Run 'H 8 (Optical) 
Band Pass 0.1 to 3.0 Hz 
Avg. rime 2 5 6 0  set 
Noise Level 22mv Cross- Correlation 
Run *H-9 I" Hour 
Band Pass 0.1 to 3.0 
Avg. lime 3200 sac 
Noisa Level 22mv 
Cross - Correlation 
Band h s s  1-3 CPS 
Avg. Time 3200sec 
Noise Level 22 mv 
I 
I - 
--- 
Crom - Correlation 
- -- 
8 
v I 6 4 s  
0 
-. 
Auto-Cohbtkn 
I Unit #I 
f-l 
6.4 mc 
Run *H-10 (Optical) I" 
Bond Fbss 0.0) to 3.0 Hz 
A Time 3200se 
hlglvr Level 22mv 
C 
> 
u 
-64 sec 
Cross - Correbtion 
C 
+ .- 
\ 
> 
0 
- 
- 
1-b .Auto-C retotioh 3 6.4 wc Unit I 
Run 'H-10 (Optical) I" Hour 
Band Pass QOI to 0.3 mv 
$7 . Time 3200- ose Level 22 mv 
+ ' -- C .- \ w 
I I 6 A 
Unit +I Debyfid 64 sec 
C ross - Cormlo tion 
Auto- C p b t i  
Unit 2 
Run *H-10 (Opthl) 2 N ~ w r  
Bard Pass 0.01-3 CPS 
Avg. Time 32Wsrbc 
Msls Led 22mv 
Run *H -11 (OptiiI) 1%) HM 
Bond Pass 0.01 to 30 Hz 
Avg. Time 3200 sec I I 
Noise Level 2 2 mv .- c 
\ 
> 
- 
CS _/ 
Cross- Correlation 
C 
.- 
\ 
i 
0 '  I I 0 I ' 6.4- 
Auto- C rrelatbn a 64sec Auto - Correlation Unit 2 u n i f i  
Run *H -11 (Optical) 2nd Hour Band Pass 0.01 to 30 Hz 
Aug. Time 3200sec Noise Level 22 mv 
C 
.- 
\ 
W P .  
- I 
-. 
- .  B 
0 
! 
Unit #2  b " i t T G ~ $ d  . 
- 
6.4 sec 
Cross- Correlation 
I 
C-- .- 
\ 
w 
0 
- 
d I Auto- Correlation 64  sec Auto- Cor elation 
unit #2 Unit & I  
Run *H - 14 (Optical) 2 Hour 
Band Pass 0 1 to 3.0 Hz 
Avg. Time 3200mv 
Noise Level 22 mv 
Rm #H -15 (Optical) 1 Hours 
Bond Poss 0.01 to 3.0 HZ 
Avg Time 3200 sec 
Noise Level 22 mv 
Auto- Correlation Auto- Correlation 
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